increased transcript content of SlGA20ox1, -2, and -3, and SlCPS, but not of SlGA3ox1 and -2. 11
To investigate whether pollination also altered GA inactivation, full length cDNA clones of 12 genes encoding enzymes catalyzing GA 2-oxidases (SlGA2ox1, -2, -3-, -4 and -5) were isolated 13 and characterized. Transcript levels of these genes did not decrease early after pollination (5-d-14 old fruits), but transcript content reduction of all of them, mainly of SlGA2ox2, was found later 15
(from 10 d after anthesis). We conclude that pollination mediates fruit-set by activating GA 16 biosynthesis mainly through up regulation of GA20ox. Finally, the phylogenetic reconstruction 17 of the GA2ox familiy clearly showed the existence of three gene subfamilies, and the 18 phylogenetic position of SlGA2ox1, -2, -3, -4 and -5 was established. 19
Fruit-set has been defined as the changeover from the static condition of the flower ovary 3 to the rapidly growing condition of the young fruit following ovary fertilization. In the case of 4 tomato (Solanum lycopersicum L.), one of the most studied fleshy fruits, fruit growth takes place 5 after fruit-set in two consecutive phases: an active division, lasting about 7-10 d post-anthesis, 6
and a cell expansion phase (Gillaspy et al, 1993) . During the growth process the ovary wall 7 develops into a pericarp composed of exocarp, mesocarp and endocarp, while the placental 8 parenchyma, supported by the columella, grows by division and expansion, enclosing the 9 developing seeds and filling the locular cavities with a jelly-like homogenous tissue (locular 10 tissue) (Ho and Hewitt, 1986; Gillaspy et al, 1993). 11
Gibberellins (GA) constitute a group of plant hormones which control developmental 12 processes such as germination, shoot elongation, tuber formation, flowering, and fruit-set and 13 growth in diverse species (Hedden and Kamiya, 1997; Olszewski et al, 2002). The metabolism 14 of GA has been deeply investigated and is quite well understood (Sponsel and Hedden, 2004) . In 15 summary, ent-kaurene, synthesized from geranylgeranyl diphosphate by the action of two 16 cyclases, is metabolized by the action of P450-dependent monoxygenases to GA 12 and/or GA 53 , 17 which in turn are metabolized by GA 20-oxidases and GA 3-oxidases, acting consecutively, to 18 active GAs through two parallel pathways: the non-13-hydroxylation (leading to GA 4 ) and the 19 early-13-hydroxylation one (leading to GA 1 , and GA 3 in some cases) ( Supplementary Fig. 1 ). 20
Active GAs and their precursors can be irreversibly inactivated by GA 2-oxidases introducing a 21 hydroxyl at the 2ß position (Sponsel and Hedden, 2004) . The existence of genes encoding GA 22 deactivating enzymes catalyzing 16α, 17- Gil, 2002). GA 20-oxidases, GA 3-oxidases and GA 2-oxidases are 2-cetoglutarate-dependent 29 dioxygenases which have been found to be encoded by small gene families (e.g., in the case of 30
Arabidopis 5 GA20ox, 4 GA3ox and 7 GA2ox), whose expression is temporarily and 31 developmentally regulated (Hedden and Phillips, 2000) . The GA2ox family is particularly 32 complex since it is composed of two classes differing in their substrate specificity, C 19 -GAs and 33 C 20 -GAs, respectively (Schomburg et al, 2003) . In addition, some GA2ox enzymes using C 19 -34 was reversed by exogenous GA 3 . At the highest doses of inhibitor (3 and 10 mM) fruit-set was 23 also reduced, but could not be recovered by GA 3 (Fig. 1B) , probably due to non-specific toxic 24 effect of the inhibitor (necrotic spots appeared on the surface of the ovary) at those doses. In the 25 case of paclobutrazol application, both fruit-set and final fruit size decreased proportionally to 26 the dose of inhibitor, and at 10 -2 M fruit-set was 0% (Fig. 1C ). This inhibition was fully reverted 27 with GA 3 application (Fig. 1C) . Vegetative growth of plants treated with LAB 198999 was not 28 affected (due probably to direct ovary application), and in the case of paclobutrazol the apical 29 shoot length was only slightly reduced (due probably to application after flowering time, when 30 most vegetative growth had already occurred). Interestingly, both kinds of inhibitors did not 31 prevent the development of seeds in developed fruits (data not presented). In order to assess the effect of modification of endogenous GA content in relation to 2 early fruit development, GAs from the early-13-hydroxylation pathway were quantified in 10-d-3 old pollinated ovaries control or treated with 1 mM LAB 198999 (dose of inhibitor at which the 4 effects are fully reverted by applied GA 3 ; Fig. 1B) . At that time, the weight of LAB 198999 5 treated ovaries was about half of control (Table 1) . This weight reduction was associated with 6 significantly lower concentration (about half) of GA 1 (the active GA), of its metabolite GA 8 7 (about one tenth), and of GA 29 (a metabolite of GA 20 , more than half) ( Table 1 ). In contrast, 8
LAB 198999 produced accumulation of all precursors of GA 1 (GA 53 , GA 44 , GA 19 and GA 20 ) 9 (Table 1) . These results strongly support that fruit development in tomato depends on GAs, and 10 specifically on GA 1 . 11
12

Response of Unpollinated Ovaries to Application of Different Kinds of Gibberellins 13 14
Diverse GAs from the early-13-hydroxylation pathway (GA 1 , GA 3 , GA 19 and GA 20 ) and 15 GA 4 (from the non-13-hydroxylation pathway) were tested for their activity to induce fruit-set 16 and growth of unpollinated ovaries. As in many other systems, GA 3 was the most active 17 followed by GA 1 and GA 4 (equally active), and GA 20 . Interestingly, GA 19 (the immediate 18 metabolic precursor of GA 20 ) was completely inactive (Fig. 2) . These results suggested that GA 19 20-oxidase activity is limiting in unpollinated ovaries. 20
21
Effect of pollination on transcript levels of genes encoding enzymes of GA biosynthesis 22
23
To test the last hypothesis we compared in unpollinated and pollinated ovaries transcript 24 levels of SlCPS, SlGA20ox1, -2 and -3 and SlGA3ox1 and -2, genes previously cloned by 25
Rebers et al (1999) which encode three kinds of GA biosynthesis enzymes. The expression of 26 those genes in diverse tomato organs is given in Fig. 3 . All the genes were expressed in aerial 27 vegetative (leaves and internodes) and reproductive (flowers and their diverse parts) tissues. In 28 roots we could only detect transcripts of SlGA20ox3 and SlGA3ox1. Transcripts of SlCPS, 29
GA20ox3, and SlGA3ox1 and -2 were detected in ovaries of flowers at anthesis, and transcripts 30 of all the analyzed genes ,except of SlGA3ox2 also in pollinated 20-d-old fruits. 31
Expression of SlCPS was detected in unpollinated ovaries before anthesis (d-3) but 32 decreased later on (from d0 to 20 d post-anthesis, dpa) (Fig. 4) . In contrast, in entire (E) 33 pollinated ovaries SlCPS transcript levels did not decrease and remained similar or higher than 34 5 unpollinated ovaries before anthesis. Transcripts were present both in pericarp and developing 1 seeds, more in the latter than in the former (Fig. 4) . 2 Almost undetectable expression of SlGA20ox1 was found in unpollinated ovaries 3 (between -3 and 20 dpa). In the case of SlGA20ox2, high expression was detected before 4 anthesis (d-3), but dropped to undetected or very low in unpollinated ovaries between d0 and 5 d20 (Fig. 4) . Interestingly, transcript levels of both SlGA20ox1 and -2 were very high in entire 6 pollinated ovaries (5 to 20 dpa) (at least ten-fold those of unpollinated ovaries). Transcript 7 content could also be analyzed separately in pericarp and seeds of 10-and 20-old-fruits. 8
Transcripts were equally distributed in the pericarp and seeds at d10, but were much more 9 concentrated in seeds at d20 (Fig. 4) . SlGA20ox3 transcripts could be clearly detected and their 10 levels did not vary in unpollinated ovaries (from d-3 to d20). Interestingly, they increased also 11 (about twice) in pollinated ovaries, particularly in developing seeds at d20 (Fig. 4) . 12
SlGA3ox1 transcript content was high in unpollinated ovaries before anthesis (d-3), and 13 decreased from anthesis until d20. Similar levels were found in unpollinated and pollinated 14 ovaries until d20 (Fig. 4) . At d10 and d20 transcripts were concentrated in developing seeds 15 (Fig. 4) . In contrast, transcripts of SlGA3ox2, detected in ovaries before anthesis, were at very 16 low level or not detected in unpollinated ovaries after anthesis. In d10 and d20 pollinated 17 ovaries SlGA3ox2 transcripts were barely detected, and present mainly in the seeds (Fig. 4) . 18 
19
Cloning and characterization of genes encoding enzymes of GA inactivation in tomato 20
21
At the time of starting this work no GA 2-oxidase had been cloned in tomato. Therefore, 22 in order to know whether pollination increased active GA content by also altering GA 23 inactivation, we isolated genes encoding GA2ox. Using RT-PCR and degenerated primers, 24 followed by 5´ and 3´ RACE only one full length cDNA clone could be isolated (SlGA2ox1; 25 EF441351) (see Materials and Methods). This cDNA was 1281 bp long (including 88 and 143 26 bp in the 5´and 3´ untranslated regions, respectively) and encoded a protein of 349 aminoacids. 27
Using BLAST search of EST data bases we identified 18 sequences with high similarity 28 to SlGA2ox1 and GA2ox from other species, which corresponded apparently to four additional 29 different incomplete genes (gene 2, AW930043, BI935635, AW222239, BE434782, BE433301, 30 BE435345; gene 3, AW030357, AI777086, BI921857, AW031637; gene 4, BI208568, 31 AW931003, AW030225; and gene 5, AI899222, AI487548, AI488712, AW650238, 32 AW650160). Full length clones of these genes were isolated by 5´ and 3´ RACE, amplified and 33 named accordingly SlGA2ox2 (EF441352; 322 aminoacids long), SlGA2ox3 (EF441353; 344 34 ( Supplementary Fig. 3 ), confirming that SlGA2ox1, -3, -4 and -5 encoded C 19 GA 2-oxidases. 23
Expressed extracts from SlGA2ox2 did not metabolize any of the six labelled GAs used as 24 substrates (data not presented), suggesting that the corresponding protein was probably inactive. 25
26
Phylogenetic analysis of GA 2-oxidases 27
28
To better locate the new SlGA2ox genes within the large GA2ox family, a phylogenetic 29 analysis was performed with all of the full-length GA2ox genes found in the data bases, using 30 the outgroup sequence AtGA20ox1 to position the root of the tree. The analysis showed the 31 existence of three large subfamilies of GA2ox (Fig. 5) : groups I and II correspond to GA2ox 32 using C 19 -GAs as substrate (the occurrence of these two groups was pointed out earlier by Elliott 33 et al, 2001), and group III corresponds to GA2ox using C 20 -GAs as substrate. According to this 34 phylogenetic tree, OsGA2ox5 and -6, and NsGA2ox1, for which catalytic properties have not 1
been reported yet, would use C 20 -GAs as substrates. These subfamilies are similar to those 2 described by Lee and Zeevaart (2005) in a previous analysis carried out with a selected number 3 of sequences (20 versus 44 in this work). The topology of the root tree indicates that groups I 4 and II are more closely related each other than to group III. In other words, these data suggest 5 that group III diverged from all other GA 2-dioxygenase genes before the split between groups I 6 and II. Both monocot and dicot genes are present in each of the three groups, indicating that the 7 gene duplication events that gave rise to these three subfamilies occurred before the split 8 between monocots and dicots. 9
Interestingly, the seven GA2ox reported in the literature as having multicatalytic activity 10 were located in group I (underlined in Fig. 5 ; see also appropriate references in Fig. 5 legend) . 11
Certainly, not all GA2ox present in this group have been shown to be multicatalytic. Absence of 12 annotation of this biochemical property in enzymes of group I may be due to: a) the catalytic 13 properties have not been investigated in these enzymes; b) catabolite formation may have not 14 been detected since it depends strongly on enzyme concentration and is adversely affected by 15 dilution . 
positions 294 and 303 of AtGA2ox1), the E present in all the sequences of group I (at position 25 296 of AtGA2ox1) is substituted by diverse non-acidic aminoacids in all the enzymes of group 26 II. According to these predictions (see Fig. 5 and Supplementary Fig. 4 ), of the five genes 27 isolated in this work, SlGA2ox1 and -3 would be monocatalytic (confirmed in this work) and 28 SlGA2ox2, -4 and -5 would be multicatalytic (a prediction that we were unable to confirm; 29 possible reasons for the absence of this kind of activity are given in Discussion). GA2ox genes, except SlGA2ox3. 8
The effect of pollination on expression of SlGA2ox1 to -5 is shown in Fig. 7 . In 9 unpollinated ovaries transcripts of all genes were present before or at the time of anthesis (d-3 10 and d0). In unpollinated ovaries expression of all SlGA2ox remained high later on, except for 11
SlGA2ox3 whose transcripts were at very low level or undetected between d0 and d20 (in 12 agreement with results presented in Fig. 6 ). In 5-d-old pollinated ovaries (a time at which fruit-13 set and some growth had occurred already) transcript levels of the five SlGA2ox genes were 14 similar to those of unpollinated ovaries. In contrast, in 10-and 20-d-old pollinated ovaries 15 transcript levels of all SlGA2ox were lower than in unpollinated ovaries, particularly in the case 16 of SlGA2ox2 and -3 (in the latter case transcripts were bearly detected). An exception was 17
SlGA2ox1 at d10 where transcript levels were not reduced. Pericarp and seeds could be 18 separated in 10-and 20-d-old fruits and therefore GA2ox transcript content were also analyzed 19 in both organs at those times. SlGA2ox1 was always highly expressed in the pericarp, and in 20 seeds at d10. In contrast, SlGA2ox4 and -5 were expressed mostly in the developing seeds and 21 therefore they may not contribute to GA homeostasis in the pericarp. Fruit-set and fruit growth of pollinated Micro-Tom ovaries was reduced significantly, on 26 a dose-effect response, by application of paclobutrazol, an inhibitor of GA biosynthesis that 27 inhibits P450-dependent dioxygenases. The effect of paclobutrazol was fully counteracted by 28 applied GA 3 (Fig. 1C) . LAB 198999, another inhibitor of GA biosynthesis that inhibits 2-29 oxoglutarate-dependent dioxygenases, also reduced fruit-set and fruit growth, but the former 30 effect could not be reverted by GA application (Fig. 1B) , probably due to non-specific toxic 31 effect. These results support the hypothesis that tomato fruit development depends on GAs, as 32 suggested previously (Fos et al, 2000 (Fos et al, , 2001 . 33 9 The reduction of fruit growth (about 50%) by LAB 198999 was associated with a 1 reduction of GA 1 content to about 50% whereas GA 8 content was reduced to 10% (Table I) . At 2 the same time, in LAB 198999 treated fruits there was accumulation of GA 53 , GA 44 , GA 19 and 3 GA 20 (Table I) inducing tomato fruit development also (Fig. 2 ), but this hormone may have a minor 12 physiological role because the non-13-hydroxylation pathway seems to be minor in this species. 13 GA 20 and GA 1 were almost equally active to induce parthenocarpic fruit growth in tomato, while 14 GA 19 was completely inactive (Fig. 2) . This suggests that unpollinated ovaries are capable of 15 metabolizing GA 20 but not GA 19 to GA 1 and, therefore, that the activity of GA 20-oxidase (that 16 metabolizes GA 19 to GA 20 ) but not that of GA 3-oxidase (that metabolizes GA 20 to GA 1 ) is 17 limiting in unpollinated tomato ovaries. Interestingly, in pat-2, a facultative parthenocarpic 18 mutant of tomato, parthenocarpy is associated with a dramatic increase of GA 20 and more GA 1 19 and GA 8 contents (Fos et al, 2000) , due probably to enhanced activity of GA 20-oxidase. 20
The above mentioned hypothesis was supported by results of comparing the effect of 21 pollination on transcript levels of diverse SlGA20ox and SlGA3ox genes of tomato previously 22 isolated by Rebers et al (1999) . SlGA3ox2 transcripts were almost undetected in unpollinated 23 and pollinated ovaries, whereas SlGA3ox1 transcripts were present in unpollinated ovaries at d0 24 and remained essentially constant in both unpollinated and pollinated ovaries at least until d20 25 (Fig. 4) . This supports the idea that GA 3-oxidase activity (encoded from SlGA3ox1) is present 26 in ovaries before pollination, and that pollination does not alter that activity. In contrast, 27
SlGA20ox1 and -2 transcripts were at very low levels or undetected at d0 and in 5 to 20-d-old 28 unpollinated ovaries, but at high levels in 5 to 20-d-old pollinated ovaries. Transcript levels of 29 SlGA20ox3, which were present in unpollinated ovaries, also increased upon pollination (Fig. 4) . 30
This suggests that GA 20-oxidase activity increases upon pollination, as indicated by previous 31
GA application experiments (Fig. 2) . However, we can not decide, based on our data, whether 32 the three SlGA20ox are or not equally important for fruit-development regulation because 33 transcripts of all of them were similarly distributed in the pericarp and seeds, at least until d10 34 (Fig. 4) . In any case, our results do not support a role for GA 3-oxidase activity for fruit 1 development, and are in contrast with the suggestions of Bohner et al (1988) and Koshioka et al 2 (1994), based on endogenous GA content analyses, that 3ß-hydroxylation of GA 20 is a rate 3 limiting step in GA 1 biosynthesis after pollination in tomato. 4
Since transcript levels of SlCPS were higher in pollinated than in unpollinated ovaries, 5 activity of earlier biosynthetic enzymes (e.g. CPS) might also contribute to the increase of GA 6 content after pollination. CPS (formerly ent-kaurene synthetase A) activity is certainly present in 7 extracts of tomato fruits (Bensen and Zeevaart, 1990). Arabidopsis CPS transcripts occurs in Therefore, modification of active GA levels may be due to simultaneous transcription alteration 24 of genes encoding GA biosynthesis (e. g. GA20ox and/or GA3ox) and GA inactivating enzymes 25 (GA2ox, GA epoxidases and GA methyltransferases, GAMT). For instance, GA 1 content 26 decrease in the shoot during deetiolation in pea is due to down-regulation of PsGA3ox1, which 27 controls the conversion of GA 20 to GA 1 , and by up-regulation of PsGA2ox2, encoding a GA2ox 28 that converts GA 1 to inactive GA 8 (Symons and Reid, 2003) . Developing siliques of null 29 mutants of GAMT1 and GAMT2 have higher GA 1 and GA 4 contents and their seeds are more 30 resistant to ancymidol, suggesting that they also contain more active GAs (Varbanova et al,  31 2007). Since GA2ox are generally considered the main GA inactivating enzymes, in order to 32 know whether the increase of GA 1 upon pollination in tomato ovary is not only due to enhanced 33 GA biosynthesis (through increase of GA20ox transcript levels, and may be SlCPS, as shown 34 before), but also to reduction of catabolic activity, five cDNA clones encoding putative GA 2-1 oxidases from tomato (SlGA2ox1 to -5) were isolated. SlGA2ox1, -3 and -4, and -5 to a lesser 2 extent were shown to encode active C 19 GA2ox using different kinds of GAs as substrates 3 (Supplementary Fig. 3 ).. Expressed SlGA2ox2 extracts did not show activity with any of the six 4
GAs used as substrate, suggesting that the corresponding protein was inactive in spite of 5 carrying the purported amino acids binding Fe 2+ and 2-cetoglutarate, and essentially all the 6 amino acids conserved in GA2ox (Supplementary Fig. 4) . A reason for SlGA2ox2 inactivity 7 might be the presence of a mutation leading to the change of W (conserved in all GA2ox from 8 group I) by an R at position 92 ( Supplementary Fig. 4 ). This observation points out the possible 9 importance this W residue for GA2ox activity. Additionally, SlGA2ox2, -4 and -5 have a D at a 10 site (position 44 of SlGA2ox2) where most GA2ox have a conserved G ( Supplementary Fig. 4) , 11
which might also affect their activity. 12
Transcripts of the five SlGA2ox genes were detected in different tissues (Fig. 6) , 13 suggesting that their expression is developmentally regulated. All of them were expressed in 14 unpollinated ovaries before and/or at the time of anthesis and also up to d20 in unpollinated 15 ovaries, at more or less extent. However, no decrease of expression was observed in any of the 16
SlGA2ox genes in pollinated ovaries 5 d after anthesis, a time at which fruit-set has already been 17 established, as shown by the observation that a significant growth had occurred. This means that 18 the effect of pollination on early fruit development may not be mediated by an effect on GA 19 inactivation through GA2ox. However, we can not discard a possible effect of GA2ox on later 20 growth of tomato fruit ( because transcripts of all SlGA2ox genes were lower in pollinated than 21 in pollinated ovaries at d10 and/or d20), nor a possible role of other GA catabolic enzymes (e. g. 22
GA epoxidases and GAMT) in GA homeostasis during fruit-set and growth. 23
The phylogenetic analysis of GA2ox, using all the sequences available in data bank and 24
AtGA20ox1 as outgroup (Fig. 5) , indicates that a first split occurred between enzymes using 25 C 20 -GAs as substrate (group III) and those using C 19 -GAs, and that divergence between groups I 26 and II occurred more recently. The five SlGA2ox genes isolated in this work were distributed 27 between groups I and II, and therefore, according to this prediction, should differ in their 28 catalytic properties. While SlGA2ox1 and -3 presented monocatalytic activity, as expected, no 29 multicatalytic activity could be demonstrated for SlGA2ox2, -4 and -5 (expressed SlGA2ox2 was 30 completely inactive). Therefore, our results do not support the proposed hypothesis. However, 31 since the three translated sequences of SlGA2ox2, -4 and -5 present changes in specific 32 conserved amino acids which might affect activity, and it has been reported that detection of GA 33 catabolites may be difficult and dependent on enzyme concentration , it may 34 not be possible to completely discard that hypothesis before carrying out more biochemical 1 work to substantiate it. Monocot and dicot genes are both present in each of the three groups, 2 indicating that gene subfamilies I, II, and III were originated from gene duplications early in 3 evolution. Finally, additional gene duplications occurred within each of the groups I and II as 4 indicated by te presence of several duplicates of Arabidopsis and other species in those groups, 5 whereas no further duplication seem to have occurred within the more ancestral group III (Fig  6   5) . Altogether, the data support the general hypothesis that acquisition of evolutionarily novel 7 functions among GA-dioxygenases is associated with gene duplication events, as previously 8
shown for other gene families (Sanjuan and Marin, 2001). 9
The results of experiments of GA and inhibitors of GA biosynthesis application 10 presented here, as well as of GA quantification analysis support the hypothesis that fruit-set and 11 early growth in tomato depend on GAs, and that GA 1 is the active hormone involved in these 12 processes. Pollination increases the content of GAs in the ovary by increasing GA biosynthesis 13 (through up-regulating GA20ox and SlCPS, but not GA3ox expression), not by reducing GA 14 catabolic inactivation through GA2ox, at least in the cv Micro-Tom used in this work. Australian National University, Canberra, Australia) and GA 3 (Duchefa) was carried out to 32 unpollinated ovaries in 10 µl of 5% ethanol, 0.1% Tween 80 solution. Flower emasculation was 33 carried out two days before anthesis to prevent self-pollination. LAB 198999 (3,5-dioxo-4-34 13 butyryl-cyclohexane carboxylic acid ethyl ester) (BASF, Limbergerhof, Germany) was applied 1 in 10 µl of 5% ethanol, 0.1% Tween solution to pollinated ovaries, at different times after 2 pollination, after removal of petals and stamens. Equal volumen of solvent solution was applied 3 to control ovaries. Paclobutrazol (Duchefa, Haarlem, The Netherlands) was applied to the roots 4 in the nutrient solution. 5 6
Quantification of Gibberellins 7 8
GAs were quantified following the protocol described in Fos et al (2000) . In summary, 9 aliquots (about 3 to 5 g fresh weight) of frozen material were extracted with 80% methanol and, 10 after removing the organic phase, the water fraction was partitioned against ethyl acetate and 11 purified by QAE-Sephadex chromatography and C 18 cartridges. The GAs where then separated 12 by reverse phase HPLC chromatography (4-µm C 18 9 to monitor the separation of GAs after HPLC using a 10 to 100% methanol gradient. 18 Quantification was carried out by GC-SIM using a gas chromatograph (model 5890, Packard, Palo Alto, CA) coupled to a mass-selective detector (model 5971A, Hewlett-Packard). 20 The concentrations of GAs in the extracts were determined using the calibration curves 21 methodology. consisted of initial denaturation at 94ºC for 2 min, followed by 40 cycles of 94ºC/ 30 sec, 45ºC/ 1 60 sec and 72ºC/ 60 sec, and finally 10 min extension at 72ºC. The products of an amplified 2 band of about 250 bp, separated on 1% agarose gel electrophoresis, were purified (CONCERT 3 Rapid Gel Extraction System, GIBCO-BRL), cloned in the pGEM-T Easy Vector (Promega) 4 and sequenced. Six of these clones (out of 11 sequenced) were identical and homologous to 5
GA2ox previously cloned from diverse species. Sequences of the 5´ and 3' regions were 6 obtained by RACE (RACE cDNA amplification kit, Clontech) using appropriate primers 7 (Supplemental Table I ) and the following conditions for amplification: 95ºC/ 5 min followed by 8 5 cycles of 94ºC/ 30 sec and 72ºC/ 2.5 min, 5 cycles of 94ºC/ 30 sec and 70ºC/ 2,5 min, and 30 9 cycles of 94ºC/ 30 sec and 68ºC/ 2,5 min , and finally 10 min extension at 72ºC. A full length 10 cDNA clone, named SlGA2ox1, was obtained by RT-PCR using appropriate 11 primers(Supplemental Table I ), and the following thermocycling conditions: 94ºC/ 2 min, 12
followed by 40 cycles of 94ºC/ 1 min, 57ºC/ 2 min and 72ºC/ 3 min, and 10 min extension at 13 72ºC, cloned in the pGEM-T Easy Vector and sequenced. 14 Additional GA2ox clones of tomato were identified by searching for tomato sequences 15 homologous to GA2ox from diverse species (including Arabidopsis and SlGA2ox1, previously 16 cloned) in Genebank EST data bases. Four groups coming from 18 EST corresponding to genes 17 different to SlGA2ox1 were identified. Using this sequence information 5´ and 3´ regions were 18 obtained by RACE, when necessary, as described before. Full length cDNA clones (named 19 SlGA2ox2, SlGA2ox3, SlGA2ox4, and SlGA2ox5) were amplified by RT-PCR using RNA from 20 pollinated fruits (SlGA2ox2, -4 and -5) and mature leaves (SlGA2ox4), the primers given in 21
Supplemental Table I , and the thermocycling conditions described previously for SlGA2ox1 (but 22 using as annealing temperatures of 50ºC for SlGA2ox3 and -4, and 54ºC for SlGA2ox2 and -5). and -3 and SlGA3ox1 and -2 consisted of initial denaturation at 94ºC for 2 min, followed by 32 21 cycles of 94ºC/ 30 sec, 57ºC/ 60 sec and 72ºC/ 60 sec, and finally 10 min extension at 72ºC. For 22 amplification of SlGA2ox1, -2, -3, 4 and -5, 31 cycles were used with annealing temperatures of 23 60ºC (SlGA2ox1) or 62ºC (SlGA2ox2, -3, -4 and -5), and for SlCPS 33 cycles and 61ºC. In the 24 case of Actin annealing temperature of 60ºC and 24 cycles were used. In all cases, the number of 25 cycles was chosen to give amplified products within the linear synthesis reaction. 15 µl aliquots 26 of PCR products were separated on 1% agarose gel electrophoresis. The spots were stained with 27 ethidium bromide, visualized under UV using a GeneGenius Bio Imaging System (Syngene), 28 captured with the GeneSnap program (Syngene) and quantified with the GeneTools software 29 (Syngene). Expression was normalized using Actin as internal control, by comparing expression 30 ratios to that of the specific tissues indicated in the Figure legends (set to 1.0) . 31
The analyses were carried out in duplicate using biologically independent material, with 32 similar results. Only data from one representative replicate are given under Results. 33
34
Phylogenetic analyses 1 2
Nucleotide sequences were translated into protein sequences using GeneDoc software 3 (available at http://www.psc.edu/biomed/genedoc), and aligned with MUSCLE algorithm (freely 4 available at http://www.drive5.com/muscle), using default parameters. Sequences were highly 5 divergent, which led us to pursue the phylogenetic reconstruction using aminoacid rather than 6 nucleotide sequences. The best model of protein evolution was selected based on the Akaike 7 criterion (AIC) with the ProtTest online server 8 (http://darwin.uvigo.es/software/prottest_server.html). The Jones-Taylor-Thornton evolutionary 9 model (Jones et al, 1992) with evolution rates varying according to a Gamma distribution plus a 10 class of invariant sites was judged optima in both phylogenetic analyses. In the 44 GA2ox 11 dataset, the inferred parameters were α = 1.20 for the shape of the Gamma and p = 0.04 for the 12 fraction of invariant sites, whereas for the 26-sequence dataset containing only tomato and 13
Arabidopsis GA2ox, GA3ox, and GA20ox genes, the estimated values were α = 1.36 and p = derivate clusters in the 44 GA2ox dataset analysis, the outgroup AtGA20ox1 was used to root 20 the tree, whereas in the other analysis, the tree was left unrooted. 21
To assess the statistical significance of each internal branch, 1000 bootstrap pseudo-22
replicates of the protein alignments were generated using the seqboot implementation of the 23 PHYLIP package version 3.66. The maximum-likelihood procedure was repeated for 100 of the 24 pseudo-replicates (doing more pseudo-replicates would be computationally too intensive) and a 25 consensus tree was obtained using the consense implementation of the same package, setting all 26 parameters at their default values. The branch lengths of the tree were then estimated using the 27 same maximum likelihood method. A node is judged statistically significant if it is supported by 28 a high bootstrap proportion, though the appropriate threshold value depends on many factors 29 (Hillis and Bull, 1993). To have an additional criterion for clade selection, we performed a 30 weighted least-squares likelihood ratio test (Sanjuan and Wrobel, 2005) on each node using the 31
WeightLESS implementation (freely available at http://www.iopan.gda.pl/~wrobel). To do that, 32
we used the 1000 pseudo-replicates to estimate the involved parameters, the distance matrix 33 derived from the above Jones-Taylor-Thornton plus Gamma plus invariant class evolutionary 1 model, and the above consensus tree. SlGA3ox1 and -2 genes. Semiquantitative transcript analysis was carried out by RT-PCR, as 25 described in Materials and Methods, using total RNA from unpollinated (d0, d5, d10 and d20) 26 and pollinated (d5, d10 and d20) ovaries. E, entire ovary; P, pericarp; S, seeds. Semiquantitative transcript analysis was carried out by RT-PCR, as described in Materials and 30
Methods, using total RNA from unpollinated (d0, d5, d10 and d20) and pollinated (d5, d10 and 31 d20) ovaries. E, entire ovary; P, pericarp; S, seeds. 
